ABSTRACT: Epibiontic Porifera on shells of the bivalve mollusc Plnna nobilis were studied along the coast of Montecristo Island. Italy. Thirty-five species were found; 6 on more than 30 Yb of the examined molluscs, the others sporadic in occurrence. The per cent area covered varied from 0 to 68 % and the number of species per specimen of P. nobhs varied from 0 to 11. The number of epizoic individuals and the number of specles per mollusc was highly correlated with the age of the host showing that the population is still developing throughout the host's Life-span. The shell of P. nobiljs does not seem to be selectively settled by Porifera. The sponge population differs structurally on the 2 valves of the same mollusc specimen. Small shell size and distance from the rocky coast probably limit sponge settlement opportunities. The colonization pattern by sponges on P nobilis shells conforms to the facilitation model in its first stages and later to the inhibition model.
INTRODUCTION
A diverse fauna including Ponfera, Cnidaria, Bryozoa and Tunicata settle on the shells of bivalve and gastropod molluscs. The shells can either be covered by many species of epibionts that compete for the substratum, or colonized by 1 or 2 species that almost completely cover the surface of the mollusc shells.
Porifera of the genera Cliona (Cobb 1969) , Adycale, Lissodendoriv and Suberites (Annandale 1914) do not seem to prefer any particular shelled mollusc species with which to associate. Others, such as Stelletta yrubii and Clathria sp., have more specific substratum requirements; the former is often associated with the oyster Ostrea permollis (Forbes 1964) , whereas the latter settles on shells of the gastropod Murex trunculus, either living or inhabited by hermit crabs (Pourbaix 1931) .
Literature sources provide little information about the timing and environmental conditions necessary for shell colonization by Porifera, and there are no data on the structure and temporal evolution of such epibiontic populations. Owing to the generally slow settlement rates by sponges (Pansini & Pronzato 1981) , the host species must have a long life-span and large size to allow the establishment of a rich and plentiful fauna. Pinna nobifis L. is the largest bivalve mollusc in the Mediterranean area and the outer surfaces of its valves Addressee for reprint requests O Inter-Research/Printed in F R. Germany are generally covered by several sessile organisms, often showing population stratification (Zavodnik 1963) . Because of its long life-span (more than 20 yr according to Vicente et al. 1980 ), this mollusc is one of the most suitable living substrata for the settlement of sponges, particularly demosponges.
The purpose of this work was to increase our knowledge of sponge epibionts on mollusc shells, through an evaluation of possible substratum selectivity, relation between age of host and sponge population, and competition for substratum.
MATERIALS AND METHODS
Fifteen individuals of Pinna nobilis were collected by SCUBA at a depth of 15 to 21 m along the coast of Montecristo Island in the Thyrrenian Sea, Tuscan Archipelago. The bottom in the sampling area consisted of coarse sand mixed with detritus with large pathches of the sea grass Posidonia oceanica.
The total height, height of the portion emerging from the sediment, and maximum length of each valve were measured. Settled sponges were mapped by drawing a diagram of each shell (Fig. l ) , and the surfaces of both shells and sponges were measured with a Salmoiraghi planimeter, model 236. The approximate ages of Pinna nobilis individuals were evaluated by applying the equation used by Vicente et al. (1980) Only the smallest specimen of Pinna nobilis where X = age (mo) of the individual; and Ht its total examined, with an estimated age of 4 1 mo, showed no height (cm).
sponge settlement. Thirty-five species of Porifera were found on the remaining 14 Pinna nobilis. Six species of Porifera were present on more than 3 0 % of the analy-RESULTS zed shells, while the remaining species were present sporadically. The per cent area cover of the shell by The collected specimens of Pinna nob~lis were cornsponges varied from a minimum of 0.7 % to a maxpletely covered by stratified epibionts, mostly algae, imum of 68 %. The number of sponge species per shell Porifera, Bryozoa and colonial ascidians.
varied between 2 and 11, the number of individuals Both animal and algal covering of Pinna nobilis varying from 3 to 32 (Table 1 ). The data concerning varied widely from shell to shell. Algae, branched number of species, per cent area covered, number of Bryozoa, small bivalve molluscs and colonial ascidians individuals found on the shells and diversity index prevailed on younger specimens. In the older ones (Shannon & Weaver 1949) were analyzed by several there were fewer algae and an lncrease in sponges, techniques: linear, logarithmic and exponential 13"
of species of settled Porifera regressions (exponential gave the best fit with our data), similarity index (Ssrensen 1948 ) and R. Q. multivanate analysis (Hathaway 1971) . The analyses were made by considering either each mollusc as a single entity or each valve separately. In the case of both valves the exponential regression curves show significant correlations between the age of the mollusc and both the number of species ( Fig. 2 ) and the number of settled sponge specimens ( Fig. 3) . Conversely, the correlations between the age of the host and both the per cent area cover of Porifera and the Shannon-Weaver diversity index were not significant. The similarity indices and the R. Q. analysis show no significant correspondence between the structure of the settled sponge population and the age of the substratum. Similarity analysis (Fig. 4) shows that the populations established on specimens of Pinna nobilis of varylng ages are associated at levels higher than 0.5. The ordination model of the R. Q. multivariate analysis displays no significant difference among the populations of each mollusc, and the variance explained by the first 2 axes is very low (first axis = 15.2 %; second axis = 14.3 %).
A similar analysis for each valve shows that the sponge population is structurally different on the right and left valve of each specimen. The similarity indices (Fig. 5) only occasionally associate the valves of the same individual to high values. Also the R. Q. analysis shows no significant affinity among couples of populations settled on the valves of the same individual. In this case too, the variance explained by the first 2 axes is low (first axis = 8.7 %; second axis = 8.5 %). Finally, the lengths of the boundaries of contiguous sponges were measured. Out of a total of 143 detected individuals, 33 cases of contiguity were found. Even though contiguity involved 23 out of 35 species, repetition of contiguity anlong the same species was sporadically observed. Furthermore, the length of the contiguous tracts typically measured only a few centimeters.
DISCUSSION
Pinna nobilis does not seem to be a selective substratum for Porifera. Indeed, most of the species were occasional, and the most frequent one, Cliona viridis, is attracted to the calcareous nature of the substratum. Moreover, this sponge requires an environment (such Fig. 3 Due to the slow colonization, epibiontic Porifera may be laclung on the youngest specimens of Pinna nobilis. Calcareous sponges do not disappear after initial col- onization, and individuals of Sycon ciliaturn can occasionally b e found on shells up to 10 yr old. The rate of settlement by Ponfera is probably related to the distance from the shore and to mollusc size. Sponge larvae are short-lived and they are unable, by swimming in the plankton, to cover long distances unless they are transported by currents. As a consequence, isolated substrata far from the coast are not easily accessible to sponge larvae (Vacelet 198 1) . Jackson (1977) and Keough (1984a) suggested that the valves of Rnna bicolor and other isolated hard substrata can b e utilized as a refuge by taxa with good colonizing possibilities and weak competition abilities. Accordingly, in Pinna nobilis, when surfaces become suddenly available, such as inner valves of dead specimens, they are promptly occupied by bryozoans and serpulids (Harmelin 1977) . In this case the presence of refuge-seekers should often originate populations in which sponges are later settlers (Keough 198413) . The sponge population associated with each specimen of P, nobiLis showed some particular development features. The low correlation between . 4. Similarity (according to Ssrensen 1948) among Porifera ulations settled on Plnna nob& specimens. Numbers r to the specimens in Table 1 , with (in parentheses) their age In mo host age and both diversity index and per cent area er suggests that the first larval settlement is random results in a colonization pattern which is not refere to a single model, as evidenced by R. Q. analysis.
The high correlation between the age of the host and the number of species and specimens of sponge shows that the population is sW1 developing as the host mollusc ages and that new sponge larvae continue to settle on it. The presence of many adjacent sponges suggests a further stage of population development compared to that described by Pansini & Pronzato (1981) in 4 yr old populations, where no adjacents were observed. The absence of preferential contiguities among sponge species suggest that, at least in this stage of population development, competition prevails over cooperation (Sara 1970) .
Massive and erect sponges are lacking among the epibiontic fauna of Pinna nobilis. This could be related to the reduced size of the available substratum and the short time available for colonization. Clausade (1969) reported mostly encrusting sponges on small stones collected from muddy bottoms. Small substrata located far from rocky coasts can be more successfully exploited by sponges showing an encrusting growth, because they are most efficient in competition for the substratum (Vacelet 1980) .
A comparison between the sponge population of Pinna nobilis and those of other Mediterranean environments is possible ( Table 2 ). The species richness of the P. nobilis sponge population is similar to that recorded from other habitats (such as Posidonia meadows, artificial substrata or polluted zones) where unfavourable conditions Limit the growth of sponge communities. Consequently, the shells of P. nobllis are probably 'limiting' environments for sponges.
Sponges are abundant and varied in marine caves 5. Similarity (according to Ssrensen 1948) Sara et al. 1978 Data standardized to a surface of 400 cm2 using the arealspecies curve proposed by Pansini et al. 1977 " Data refer to a standard surface of 400 cm2
and even more so on littoral rocky walls. They probvary consistently throughout the year. Therefore, a ably find favourable conditions in environments with single model of community development seems to be numerous micro-habitats. The high self-control potentoo restrictive, particularly as the ecology of many taxa tial of these communities and their persistence in time is stdl scarcely known. (Sara in press) probably depend on the con~plex structure of the biocenoses and the innumerable interac- The 'inhibition model' also fits our data. In fact, a later arrivals. Oecologia (Berl.) 46: [295] [296] [297] [298] [299] [300] [301] long-term study of a benthic community of Porifera Forbes, M. (1964) . Distribution of the cornmensal oyster, (Pansini & Pronzato in press) shows that the larger specimens 'hold their position' for many years with few modifications in size and shape. The sponges settle randomly on the prepared substratum and are not replaced by other organisms. Further settlement of benthic organisms is prevented owing to the successful competition by sponges (Keough 1984b) and to the persistence of the community (Sara in press). Only erect branching forms, such as hydroids, can settle on sponges (Boero 1984) , usually without compromising their viability. Porifera are one of the major settlers on natural hard substrata of Mediterranean coasts and the evolution of their populations first follows the facilitation and then the inhibition model. This pattern does not necessarily apply to overall community development. Other organisms, such as hydroids and many bryozoans, show a marked seasonality and their populatlons may
